Introduction
============

Ankylosing spondylitis (AS) is a chronic autoimmune disease ([@b1-etm-0-0-8266]). The morbidity of AS in China is \~0.3%, and the onset age is at 13--31 years, with a peak at 20--30 years ([@b2-etm-0-0-8266]). AS mainly occurs in spinal column, skeleton, peripheral joints and extra-articular tissues, mainly manifested as backache, and accompanied by peripheral arthritis, attachment point inflammation, and proctitis ([@b3-etm-0-0-8266],[@b4-etm-0-0-8266]). In the early stage of onset, 50--92% patients are accompanied by osteopenia or osteoporosis ([@b5-etm-0-0-8266]--[@b7-etm-0-0-8266]), and often accompanied by fractures and neurological complications, which seriously affect the treatment and prognosis of AS patients. Smith ([@b8-etm-0-0-8266]) considered that the pathogenesis of AS is related to genetic, infection, immunity and physical and chemical factors. At present, there is no cure for AS, but timely treatment can relieve patients\' pain and improve their quality of life ([@b9-etm-0-0-8266]).

The drugs commonly used in clinic are infliximab and etanercept, which are tumor necrosis factor-α (TNF-α) antagonists. TNF-α is an important inflammatory cytokine in the pathogenesis of AS ([@b10-etm-0-0-8266]). TNF-α antagonist has significant effect in treating AS patients ([@b11-etm-0-0-8266],[@b12-etm-0-0-8266]), and in 30% of patients symptoms are relieved by 70--80% in short-term treatment ([@b13-etm-0-0-8266]). Advanced AS patients will be accompanied by severe joint dysfunction, so early diagnosis is very important for AS patients. In the early stage of AS, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) increase rapidly, so ESR and CRP are important evaluation indexes for clinical auxiliary diagnosis ([@b14-etm-0-0-8266],[@b15-etm-0-0-8266]). Recent studies have found that biochemical changes of bone metabolism precede systemic osteoporosis and joint stiffness ([@b16-etm-0-0-8266],[@b17-etm-0-0-8266]), which can also provide basis for early diagnosis of AS ([@b18-etm-0-0-8266]).

In this study, various indexes were detected before and after treatment, bone metabolism indexes, such as bone-specific alkaline phosphatase (BALP), β-collagen special sequence (β-CTX), C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), and adverse reactions and the clinical efficacy of the drugs were evaluated to explore the effect of etanercept and infliximab on AS patients and the effect on bone metabolism index.

Patients and methods
====================

### General information

Clinical data of 80 patients with AS admitted to Affiliated Hospital of Hebei University of Engineering (Handan, China) from June 2015 to March 2016 were selected into the study. The average age of the 39 AS patients treated with etanercept was 29.68±7.24 years, with 21 males and 18 females. Further 41 AS patients treated with infliximab were the control group with an average age of 30.48±7.18 years, with 22 males and 19 females.

Inclusion criteria were as follows: The treatment conformed to New York AS Diagnostic Criteria ([@b19-etm-0-0-8266]) revised in 1984; patients aged 20--50 years; the duration of illness did not exceed 3 years; patients accompanied by family members on admission; patients with complete clinical data and good compliance.

Exclusion criteria were as follows: patients unable to cooperate with the examination due to other factors such as aphasia and dysphoria; patients who had received etanercept and infliximab therapy in the prior 6 months; HIV antibody positive patients; patients participated in other clinical trials; patients with severe organic diseases; patients had previous history of mental illness and family history of mental illness; patients had a history of drug dependence.

This study was approved by the Ethics Committee of Affiliated Hospital of Hebei University of Engineering. All the patients and their families were informed in advance and signed a complete informed consent form.

Method
------

### Treatment methods

Thirty-nine patients in the etanercept group received intermittent administration for 24 weeks (etanercept; Shenzhen Phys Biotechnology Co., Ltd., item no. 152). Subcutaneous injection was carried out twice a week for the first eight weeks (20 mg), once a week for the ninth to sixteenth weeks (15 mg), and once every two weeks for the last eight weeks (10 mg). Further 41 patients in infliximab group received intermittent administration for 24 weeks (infliximab; Shanghai Teramabs Biotechnology Co., Ltd. item no. TM-Infl-00002_1), 100 mg in the first week, the second week and the sixth week, and the same dose every six weeks. Patient\'s rest and diet were adjusted, appropriate rehabilitation exercise and adequate sleep were maintained.

### Blood collection

A total of 4 ml of fasting peripheral blood was collected early in the morning before treatment, 12 weeks after treatment and at 24 weeks. Sample was put into anticoagulant tubes, and sent to clinical laboratory to examine CRP and ESR of the patients. After coagulation for 60 min (20--25°C), the blood sample was centrifuged at 1,006.2 × g for 10 min with a centrifuge radius of 10 cm and a centrifuge temperature of 4°C, the upper serum was separated and stored for later use to avoid hemolysis and repeated freezing and thawing. After obtaining the upper serum, the serum bone-specific alkaline phosphatase (BALP) (BALP ELISA kit; Wuhan Aimosaisi Technology Co., Ltd.; item no. ELA-E1091r), β-β-crosslaps (β-CTX) (β-CTX ELISA kit; Shanghai Zhenyu Biotechnology Co., Ltd.; item no. E-EL-H0960km-1) and the level of bone metabolism index was detected by enzyme-linked immunosorbent assay. The detection process was strictly carried out in accordance with the instruction manual of the kit. The specific steps of ELISA were as follows: 100 µl of sample and standard substance were added into reagent diluent, the plate was sealed, incubated at room temperature for 2 h, and washed; and 100 µl of detection antibody was added to each well, the plate was sealed, incubated at room temperature for 2 h, and washed; then 100 µl of streptavidin-HRP working diluent was added to each well. The plate was sealed, incubated at room temperature in the dark for 20 min, and washed. Then 100 µl of substrate solution was added to each well, incubated at 37°C in the dark for 20 min, 50 µl of termination solution was added and ELXS00 microplate reader was used at 450 nm within 15 min.

### Observation indicators

The changes of CRP and ESR levels before and 12 and 24 weeks after treatment were observed to evaluate the effect of etanercept and infliximab on laboratory indexes of AS patients. The bone metabolism level (BALP, β-CTX), morning stiffness time, Schober test time, AS activity index (BASDAI) ([@b20-etm-0-0-8266]), AS function index (BASFI) ([@b21-etm-0-0-8266]) and the clinical efficacy and adverse reactions of the two groups of patients before and after treatment were recorded.

Evaluation indicators

### Efficacy evaluation

Efficacy evaluation ([@b19-etm-0-0-8266]): Cure: no morning stiffness, limited activity, pain in trunk joints, ESR and CRP returned to normal. Markedly effective: morning stiffness, movement restriction, trunk joint pain, ESR and CRP decreased significantly. Effective: morning stiffness, movement restriction, trunk joint pain, ESR and CRP decreased. Ineffective: morning stiffness, movement restriction, trunk joint pain, ESR and CRP did not decrease.

SPSS 20.0 (IBM Corp.) was used for all statistical analysis of the experimental results. GraphPad Prism 7 (GraphPad Software Co., Ltd.) was used for visualizing the results. Enumeration data was expressed as \[n(%)\], and Chi-square test was used for comparison among groups. The measurement data were expressed as (mean ± SD), the two groups were compared by paired t-test, the comparison of multiple time-points was analyzed by repeated measurement variance, and LSD-t was used in back testing. P\<0.05 was regarded as statistically significant.

Results
=======

### Comparison of general data between the two groups

There was no difference in general clinical data between the two groups in terms of age, sex, body mass index, smoking and drinking history, education level and complications (P\>0.05) ([Table I](#tI-etm-0-0-8266){ref-type="table"}).

### CRP and ESR levels before and after treatment in the two groups of patients

The CRP and ESR levels between the two groups before and after treatment were compared ([Figs. 1](#f1-etm-0-0-8266){ref-type="fig"} and [2](#f2-etm-0-0-8266){ref-type="fig"}). There was no significant difference in CRP levels between the two groups before treatment (37.58±19.89 and 38.62±20.41 mg/l), 12 weeks after treatment (9.65±3.94 and 8.94±3.81 mg/l) or 24 weeks after treatment (6.78±2.72 and 6.21±2.25 mg/l) (P\>0.05). CRP levels in both groups decreased significantly before treatment, 12 and 24 weeks after treatment (P\<0.05), and there was a downward trend from 12 to 24 weeks after treatment (P\<0.05). There was no significant difference in ESR level between the two groups before treatment (53.67±18.75 and 55.71±19.87 mm/h), 12 weeks after treatment (16.43±6.74 and 17.68±7.12 mm/h) or 24 weeks after treatment (9.74±2.65 and 10.81±3.10 mm/h) (P\>0.05). CRP levels in both groups decreased significantly before treatment, 12 and 24 weeks after treatment (P\<0.05), and there was a downward trend from 12 to 24 weeks after treatment (P\<0.05).

### Comparison of bone metabolism levels before and after treatment between the two groups

The bone metabolism levels between the two groups before and after treatment were compared ([Figs. 3](#f3-etm-0-0-8266){ref-type="fig"} and [4](#f4-etm-0-0-8266){ref-type="fig"}). There was no significant difference in BALP level between Enbrel group and Infliximab group before treatment (18.72±8.62 and 18.98±8.51 µg/l) and after treatment (17.59±7.71 and 17.84±7.64 µg/l) (P\>0.05), and there was no significant difference between the two groups before and after treatment (P\>0.05). After treatment, β-CTX levels in Enbrel group and Infliximab group (362.58±211.45 and 354.74±231.52 ng/ml) were significantly lower than those before treatment (638.52±268.74 and 642.75±271.66 ng/ml) (P\<0.0001), but there was no significant difference between the two groups before and after treatment (P\>0.05).

### Curative effect of the two groups before and after treatment

Statistical analysis of the clinical efficacy of the two groups of patients after treatment ([Table II](#tII-etm-0-0-8266){ref-type="table"}) showed that the total effective rate of Enbrel group (89.74%) and Infliximab group (90.24%) had no significant difference (P\>0.05).

### Comparison of adverse reactions between the two groups of patients

The adverse reactions of the two groups of patients after treatment were compared ([Table III](#tIII-etm-0-0-8266){ref-type="table"}). The adverse reactions of the two groups of patients were relieved after symptomatic treatment. The adverse reaction rate of Infliximab group (21.95%) was higher than that of Enbrel group (5.13%) (P\>0.05).

### Comparison of various indexes between the two groups before and after treatment

The various indexes between the two groups before and after treatment were compared ([Table IV](#tIV-etm-0-0-8266){ref-type="table"}). The morning stiffness time, BASDAI, BASFI and Schober tests of the two groups were basically the same before treatment, and there was no difference between the two groups (P\>0.05). After treatment, the morning stiffness time, BASDAI and BASFI indexes of the two groups were significantly lower than before treatment (P\<0.0001). Schober test significantly increased (P\<0.0001). BASDAI in Infliximab group was lower than that in etanercept group (P\<0.05).

Discussion
==========

The monoclonal antibody infliximab formed by chimeric mouse and human, is a combined soluble TNF-α and transmembrane TNF-α receptor, thus blocking the pathological effect and signal conduction by TNF-α ([@b22-etm-0-0-8266],[@b23-etm-0-0-8266]). Etanercept with receptor-immunoglobulin fusion technology is composed of the extracellular ligand binding site of human tumor necrosis factor receptor 2 (TNF-2/p75) and Fc fragment of human IgG1. The fusion protein is expressed *in vitro*. Soluble TNF-α in plasma and on the surface of cell membrane is highly compatible with this fusion protein, which is neutralized by etanercept, resulting in loss of biological activity of TNF-α and achieving inhibition of abnormal immune response and inflammatory process mediated by receptor ([@b24-etm-0-0-8266]), thus effectively treating AS.

Bone metabolism markers are divided into bone formation markers, bone turnover markers, bone absorption markers and osteoporosis-related hormone markers. β-CTX is an index of bone resorption, and some researches have shown that it is a valuable and reliable index for evaluating bone resorption ([@b25-etm-0-0-8266],[@b26-etm-0-0-8266]). However, in this study, there was no significant difference in the level of BALP before and after treatment between Enbrel group and Infliximab group (P\>0.05), and there was no significant difference in the same group before and after treatment. Consistent with the results of a previous study ([@b27-etm-0-0-8266]), it was presumed that bone metabolism index BALP has little effect on AS. In this study, the morning stiffness time, BASDAI and BASFI indexes of the two groups of patients after treatment were significantly lower than before treatment (P\<0.0001), and Schober test was significantly higher (P\<0.0001). Consistent with the reduction of morning stiffness time in the clinical efficacy of etanercept in the treatment of AS by Liu *et al* ([@b28-etm-0-0-8266]).

According to the observation of the therapeutic effect of infliximab on AS ([@b29-etm-0-0-8266]), the indexes of BASDAI and BASFI were significantly lower than those before treatment (P\<0.0001), which indicates that etanercept and infliximab can effectively cure AS patients. However, it is also found that the BASDAI score of infliximab group is lower than that of Enbrel group (P\<0.05), and infliximab can reduce pain more than etanercept. However, the total effective rate of Enbrel group (89.74%) and Infliximab group (90.24%) had no significant difference (P\>0.05), which is consistent with the clinical efficacy of McLeod *et al* ([@b30-etm-0-0-8266]) in the treatment of juvenile AS with etanercept and infliximab. It was also concluded that CRP and ESR levels in Enbrel group and Infliximab group decreased significantly (P\<0.05) before and at 12 and 24 weeks after treatment, and showed a downward trend (P\<0.05) at 24 weeks after treatment compared with 12 weeks after treatment, indicating that infliximab and etanercept can control the laboratory indexes well and have a good therapeutic effect on AS patients. However, the adverse reaction rate of Infliximab group (21.95%) was higher than that of Enbrel group (5.13%), which is consistent with previous results ([@b30-etm-0-0-8266]). Further research is needed because there are scarce data, and in our study the results caused by occult diseases cannot be excluded. In this study, the β-CTX level of Enbrel group and Infliximab group decreased significantly after treatment compared with that before treatment (P\<0.0001). Korczowska *et al* ([@b31-etm-0-0-8266]) also found potential clinical value in detecting bone metabolism indexes in AS patients and the differences of bone metabolism indexes expressed by AS patients, especially β-CTX with obvious change in characteristics in AS patients, CRP and ESR were combined for detection. It can provide a certain basis for early diagnosis and differentiation of AS. The study also concluded that there was no significant difference in β-CTX levels between the two groups before and after treatment (P\>0.05), further demonstrating that the clinical efficacy of infliximab and etanercept are basically the same.

The present study evaluated the effect of etanercept and infliximab on bone metabolism indexes of AS patients by detecting bone metabolism index (BALP, β-CTX) levels, CRP and ESR before and after treatment, recording adverse reactions of the two groups of patients after treatment and evaluating the clinical efficacy of the two groups of drugs.

Collectively, etanercept and infliximab improved the therapeutic effect on AS patients. All indexes are decreased, effectively reducing bone metabolism indexes, which is worthy of clinical promotion.
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###### 

Comparison of clinical general data (mean ± SD), n\[%\].

                              Enbrel group (n=39)   Infliximab group (n=41)   χ^2^/t value   P-value
  --------------------------- --------------------- ------------------------- -------------- ---------
  Average age (years)         29.68±7.24            30.48±7.18                0.50           0.62
  Sex                                                                         0.00           0.99
    Male                      21 (53.85)            22 (53.66)                               
    Female                    18 (46.15)            19 (46.34)                               
  Body mass index (kg/m^2^)   21.51±3.42            20.89±3.58                0.79           0.43
  Smoking                                                                     0.01           0.92
    Yes                       11 (28.21)            12 (29.27)                               
    No                        28 (71.79)            29 (70.73)                               
  Drinking                                                                    0.28           0.59
    Yes                         5 (12.82)             7 (17.07)                              
    No                        34 (87.18)            34 (82.93)                               
  Educational level                                                           0.03           0.86
    Junior high school          7 (17.95)             8 (19.51)                              
    College degree or above   32 (82.05)            33 (80.49)                               
  Complication                                                                               
    Hypertension                6 (15.38)             8 (19.51)               0.24           0.63
    High blood lipid            4 (10.26)           3 (7.32)                  0.22           0.64

###### 

Comparison of clinical efficacy n\[%\].

                            Cure         Markedly effect   Effective    Ineffective   Total efficiency
  ------------------------- ------------ ----------------- ------------ ------------- ------------------
  Enbrel group (n=39)       11 (28.20)   12 (30.77)        12 (30.77)     4 (10.26)   35 (89.74)
  Infliximab group (n=41)   12 (29.27)   13 (31.70)        12 (29.27)   4 (9.76)      37 (90.24)
  χ^2^ value                --           --                --           --            0.01
  P-value                   --           --                --           --            0.94

###### 

Comparison of postoperative adverse reactions n\[%\].

                            Skin allergy   Hot flashes   Infection   Respiratory tract reaction   Gastrointestinal tract reaction   Skin reaction at injection site   Incidence of adverse reactions
  ------------------------- -------------- ------------- ----------- ---------------------------- --------------------------------- --------------------------------- --------------------------------
  Enbrel group (n=39)       0 (0.00)       0 (0.00)      0 (0.00)    0 (0.00)                     1 (2.56)                          1 (2.56)                          2 (5.13)
  Infliximab group (n=41)   2 (4.88)       0 (0.00)      2 (4.88)    2 (4.88)                     3 (7.32)                          0 (0.00)                            9 (21.95)
  χ^2^ value                --             --            --          --                           --                                --                                4.77
  P-value                   --             --            --          --                           --                                --                                0.03

###### 

Comparison of various indexes of two groups of patients before and after treatment (mean ± SD).

                            Stiffness in the morning (min)   Schober test   BASDAI                                                      BASFI
  ------------------------- -------------------------------- -------------- ----------------------------------------------------------- -------------
  Enbrel group (n=39)                                                                                                                   
    Before treatment        74.14±21.65                      2.21±1.12      3.91±1.56                                                   32.58±10.56
    After treatment         35.45±16.21                      5.05±1.54        1.65±0.48^[a](#tfn1-etm-0-0-8266){ref-type="table-fn"}^   9.68±3.04
    t value                 8.93                             9.31           8.65                                                        13.01
    P-value                 \<0.0001                         \<0.0001       \<0.0001                                                    \<0.0001
  Infliximab group (n=41)                                                                                                               
    Before treatment        72.56±20.48                      2.35±1.34      3.87±1.34                                                   33.98±11.47
    After treatment         34.28±15.67                      5.62±1.47        1.04±0.51^[a](#tfn1-etm-0-0-8266){ref-type="table-fn"}^   8.77±3.12
    t value                 9.51                             10.53          12.64                                                       13.58
    P-value                 \<0.0001                         \<0.0001       \<0.0001                                                    \<0.0001

P\<0.05 compared with the same items between the two groups after treatment.
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